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Abstract
Background: To establish the potential role of the rectum as a res-
ervoir for vaginal Streptococcus agalactiae (group B streptococci, 
GBS), both sites were sampled simultaneously and the bacterial 
loads of GBS were established by quantitative PCR (qPCR), for 
100 pregnant women at 35 - 37 weeks of gestation.
Methods: Vaginal and rectal occurrence of GBS was detected by 
qPCR, for 100 pregnant women at 35 - 37 weeks of gestation. DNA 
was extracted from vaginal (V), rectal (R) and vaginorectal (VR) 
swabs using the NucliSENS EasyMAG platform and cfb-qPCR, 
specific for GBS, was carried out for the quantification of GBS.
Results: Ten women were found positive for both R and V swabs, 
7 positive for R swabs only and 4 positive for V swabs only. Sig-
nificant positive correlation was found between vaginal and rectal 
loads of GBS (r = 0.701, P < 0.0001). In addition, the bacterial load 
of the 28 positive VR swabs (mean log10 cells/mL: 6.24, SD: 0.99; 
median: 5.82) was always higher than that of the V (mean: 5.72, 
SD: 0.87; median: 5.56) or R swabs (mean: 5.52, SD 0.72; median: 
5.16) separately (P < 0.05).
Conclusions: Using qPCR, significant correlation between quanti-
ties of vaginal and rectal GBS loads was established. Comparison 
of sampling methods indicates that VR swabbing yields higher GBS 
loads and 7 more positive women than separate V and R swabbing, 
and therefore is preferable for sample collection for GBS detection 
in pregnant women.
Keywords: Streptococcus agalactiae; Vaginorectal swab; Bacterial 
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Introduction
Group B Streptococcus (GBS, Streptococcus agalactiae) 
was recognized as the major cause of neonatal sepsis and 
meningitis in the 1970s [1]. Neonatal sepsis usually develops 
within 3 days after birth [2]. The maternal genital tract is the 
main source of neonatal infection [3] and GBS is transmitted 
vertically during labor and delivery in up to 80% of neo-
nates born to colonized mothers [4]. Maternal streptococcal 
colonization is associated with increased risk of urinary tract 
infection and adverse pregnancy outcome, such as endome-
tritis [5], chorioamnionitis [5, 6], premature delivery and 
intrauterine death [7]. Sexual transmission may play a role 
in GBS colonization of the genital tract, because 45-91% of 
male partners of GBS-positive women are colonized with the 
identical serotype and/or strain [8, 9]. The incidence of in-
vasive neonatal GBS infection is reported to range from 0.5 
to 3.0 per 1,000 live births, with 4-10% mortality associated 
with early-onset infections [10, 11].
Guidelines from the Centers for Disease Control and 
Prevention (CDC) recommend that all women should be 
screened at 35 - 37 weeks of gestation and that those women 
found to be colonized with group B streptococci should re-
ceive intrapartum intravenous antibiotic prophylaxis either 
with penicillin G or with ampicillin [10], a treatment that 
has been shown to be effective in reducing the incidence of 
early-onset neonatal GBS infections [3].
The vaginal/rectal colonization rate of pregnant women 
ranges between 6.5% [12] and 43.6% [13] and may vary 
with characteristics such as age, parity, socio-economic sta-
tus, geographic location [14], presence of sexually transmit-
ted diseases [15] and sexual behavior [16]. Differences in 
colonization rates can also be attributed to variation in the 
culture and detection methods employed, including the me-
dia selected and collection sites used [17-19]. The aim of this 
study was to quantify group B streptococci in the vagina and 
rectum and to determine whether GBS loads in both sites 
corresponded, as an indication of the rectum as a reservoir of 
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vaginal GBS. By comparing the GBS load in rectal, vaginal 
and rectovaginal swabs we also aimed to determine the best 
sampling method used for screening of group B streptococci 
from pregnant women.
 
Materials and Methods
   
Study design
One-hundred consecutive women between 35 and 37 weeks 
of gestation, attending the prenatal clinic at Ghent University 
Hospital (with an average of 1,200 deliveries per year) were 
enrolled in the study from June 2009 to January 2010. The 
study was approved by the Ethics Committee (IRB protocol 
nr 2007/096) of the Ghent University Hospital. All women 
provided informed consent prior to collection of samples.
Collection and culture of specimens
Rectovaginal, vaginal and rectal samples were collected us-
ing nylon flocked swabs that were submerged into 1 mL of 
ESwab transport medium (ESwab, Copan Diagnostics, Bres-
cia, Italy).
Rectovaginal sampling was carried out by rotating an 
ESwab against the vaginal wall at the midportion of the 
vault. Subsequently, the swab was carefully withdrawn to 
prevent contamination with microflora from the vulva and 
introitus and the swab was inserted 1.5 to 2 cm beyond the 
anal sphincter and gently rotated to touch the anal crypts. 
Next, vaginal sampling was carried out by inserting the 
ESwab following the same procedure described above for 
swabbing the vaginal wall. Finally, an ESwab was used for 
rectal sampling as described above for the anal procedure of 
the rectovaginal sampling.
All samples were collected by midwives and transported 
to the Laboratory Bacteriology Research within 4 hours. 
Volumes of 200 µL from the ESwab transport medium of 
the rectovaginal ESwabs were inoculated into separate tubes 
with 5 mL of Todd-Hewitt broth with 1% yeast extract, 15 
µg/mL nalidixic acid and 10 µg colistin/mL (Lim broth, Bec-
ton Dickinson), which were incubated overnight aerobically 
at 37 °C.
DNA extraction
For DNA extraction, volumes of 200 µL were taken from 
the ESwab transport medium of the vaginal, rectal and rec-
tovaginal sample and another 200 µL were taken from the 
incubated Lim broth tube. DNA extractions from the sample 
and from the Lim broth were performed using the Nucli-
SENS easyMAG platform (BioMerieux), according to the 
manufacturer’s instructions [20]. Briefly, 200 μL of the E-
swab transport medium from the rectovaginal ESwab or 200 
µL from the incubated Lim broth was added to 1,800 µL 
easyMAG lysis buffer and incubated for 10 min at room tem-
perature and stored at -80 °C until extraction. Nucleic acids 
were eluted in 100 μL of elution buffer.
qPCR assays
GBS nucleic acid detection was based on targeting the cfb 
gene, which encodes the CAMP factor. Primers and fluores-
cently labeled adjacent hybridization probes, namely, STB-F 
and STB-C, for detection of the cfb gene were as described 
previously [21]. The qPCR was performed in a 20 µL reac-
tion volume on the LightCycler® v1.2 instrument using the 
LightCycler® FastStart DNA Master HybProbe kit (Roche 
Diagnostics). Each reaction contained reagents to final con-
centrations of 0.4 μM of each primer and 0.2 μM of each hy-
bridization probe and 5 µL of DNA-extract. Thermal cycling 
parameters consisted of 10 min at 95 °C for denaturation and 
activation of the Taq polymerase, followed by 45 cycles of 
10 sec denaturation at 95 °C, 10 sec annealing at 55 °C and 
5 sec extension at 72 °C.
Tenfold serial dilutions of a DNA extract of the type 
strain LMG 14694T were used to produce a standard curve. 
Positive controls (highly purified DNA from 5 × 108 GBS 
cells) and negative controls (HPLC purified water) were 
included in each run. Samples that were positive by qPCR 
but negative by standard culture were investigated further by 
DNA sequence analysis of the amplification product.
Statistical methods
Data were analyzed using the Chi-square test and Mann-
Whitney U-test with p values of < 0.05 considered as signifi-
cant. Correlation of the bacterial load of GBS between the 
vagina and rectum was determined by the Spearman (rank) 
test and reported as Spearman’s rho value (r).
 
Results
  
Comparison of the sampling techniques using qPCR
For a total of 100 women tested, 33 vaginorectal swabs were 
positive by qPCR after Lim Broth enrichment. Of these, 28 
were positive by qPCR in at least one of the three samples 
(R, V or VR) without enrichment. Of these, all, 17 and 14 
were positive by qPCR vaginorectally, rectally and vaginally 
respectively (Table 1).
After comparison of the bacterial load of GBS of each 
of the three sampling methods used, the bacterial load of 
the vaginorectal swab, as determined by qPCR, was always 
higher than that of the vaginal or rectal swabs separately (P 
< 0.05) (Fig. 1, Table 1). The mean bacterial load (as deter-
mined by qPCR) of the VR swab was 6.24 (SD = 0.99) logs, 
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namely, 1.66 (SD = 1.26) logs higher than the bacterial load 
of the vaginal swab and 1.50 (SD = 0.97) logs higher than 
that of the rectal swab.
Bacterial loads of group B streptococci in the vagina and 
the rectum
For the 10 women for which both vaginal and rectal samples 
were GBS qPCR positive, the mean difference between vag-
inal and rectal bacterial load of GBS was 0.77 (SD = 0.39) 
logs. As shown in Table 1 and Figure 2, strong significant 
positive correlation was found between vaginal and rectal 
loads of GBS (r = 0.701, P < 0.0001).
Discussion
  
Background
Several bacterial species are known to colonize both the 
gastrointestinal and the reproductive tract, and it is largely 
agreed that the rectum plays an important role as a source or 
reservoir for organisms that colonize the vagina.
Hallen et al [22] reported simultaneous occurrence of 
Mobiluncus spp. in the vagina and rectum. Holst et al [23] 
reported that the reservoirs of Mobilincus spp., Gardnerella 
vaginalis and Mycoplasma hominis are to be located in the 
intestinal tract. The rectum seems to be also the primary 
habitat of Candida spp. in patients with candidal vulvovagi-
nitis [24]. We previously showed a high correlation between 
vaginal and rectal microflora, not only with regard to species 
composition but also with regard to the presence of geno-
typically identical strains [25].
Several culture-based studies have reported higher car-
riage rates of GBS in the rectum than in the vagina [18, 26, 
27], supporting the idea that the gastrointestinal tract is the 
reservoir for vaginal GBS. Meyn et al [28] showed that rec-
tal colonization with GBS was the most significant predictor 
of vaginal colonization, suggesting that the vagina becomes 
colonized with GBS as a result of transfer of the organism 
from the rectum to the vagina. Our previous culture-based 
genotyping study showed a high correspondence of vaginal 
and rectal colonization with GBS, also at the strain level 
[25], because a total of 19 women was colonized by GBS in 
both rectum and vagina and moreover, 18 of these women 
had at least one vaginal and one rectal isolate with the same 
genotype.
To our knowledge, the present study is the first to quan-
tify the inoculum of GBS in both rectum and vagina simul-
taneously and our results indicate a clear quantitative corre-
spondence between bacterial loads present in the vagina and 
rectum, for group B streptococci. This is in correspondence 
with our previous quantitative, qPCR based, study, where 
we have shown significant correlation between quantities 
of vaginal and rectal lactobacilli and of Atopobium vaginae 
[29].
Figure 1. GBS bacterial load, determined by qPCR, for the vaginal, rectal and vaginorectal swabs respectively, for each 
woman positive for at least one swab. RVS: Rectal vaginal study.
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Table 1. Vaginal, Rectal and Vaginorectal Loads (log10 cells/mL) of Group B 
Streptococci, as Determined by qPCR Without Lim Broth Enrichment, for the 33 
Women for Which the Vaginorectal qPCR was Positive After Lim Broth Enrich-
ment
Subject study 
designation
Vaginal 
load Rectal load Vaginorectal load
1 RVSE009 7.78 6.78 7.98
2 RVSE021 5.73 5.54 6.28
3 RVSE036 5.05 5.73 5.82
4 RVSE039 7.20 6.01 7.68
5 RVSE051 5.56 5.16 6.13
6 RVSE054 5.22 4.59 6.21
7 RVSE058 5.58 6.98 7.98
8 RVSE082 6.46 6.13 7.27
9 RVSE094 4.77 5.71 5.78
10 RVSE098 5.36 6.39 6.57
11 RVSE003 5.56 - 5.78
12 RVSE012 4.72 - 5.56
13 RVSE037 5.46 - 5.54
14 RVSE086 5.73 - 6.08
15 RVSE035 - 5.16 5.58
16 RVSE062 - 5.12 7.62
17 RVSE063 - 5.12 9.02
18 RVSE073 - 5.05 5.57
19 RVSE075 - 4.83 5.46
20 RVSE076 - 4.84 6.21
21 RVSE084 - 4.71 5.57
22 RVSE015 - - 5.54
23 RVSE018 - - 5.16
24 RVSE040 - - 5.48
25 RVSE041 - - 5.47
26 RVSE059 - - 5.12
27 RVSE072 - - 5.82
28 RVSE074 - - 6.59
29 RVSE008 - - -
30 RVSE010 - - -
31 RVSE014 - - -
32 RVSE083 - - -
33 RVSE096 - - -
Total positives 14 17 28
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The importance of the sampling site for the sensitive de-
tection of GBS
Rectovaginal swabs have been reported to provide high bac-
terial yields [10, 25, 30-32] and have therefore been recom-
mended for GBS screening [10]. However, Nomura et al [33] 
found no significant difference in detection rates between 
vaginal and rectal samples and Gupta and Briski [34] report-
ed a similar detection rate of 23.8% of GBS when using rec-
tovaginal and vaginal sampling. Votava et al [32] even found 
that the GBS detection rate using rectovaginal samples was 
only 16.9%, whereas the use of separate vaginal and rectal 
swabs yielded 22.7 and 24.1% GBS positive women, respec-
tively. Also, several obstetric departments still use vaginal 
sampling only to assess GBS positivity.
In a previous study, we showed that, to maximize GBS 
carriage detection rates, both the anatomic site of sam-
pling and the culture methods used are important [18]. In 
that study, we compared three sampling techniques, namely 
rectovaginal swabbing, vaginal swabbing only and rectal 
swabbing only, using the Eswab, and we concluded that for 
culture, rectovaginal sampling increased the number of GBS 
positive women detected, compared to vaginal and/or rectal 
sampling, namely the number of GBS positive women on 
the basis of rectovaginal swabbing (n = 22) was significantly 
higher than the number of GBS positive women on the basis 
of vaginal sampling (n = 11), and higher than the number on 
the basis of rectal sampling (n = 18) [18].
Because of the abovementioned conflicting results, it 
was of interest to compare the three sampling methods with 
respect to their sensitivity for qPCR-based GBS detection.
Our present qPCR-based results, whereby 17 women 
were positive for the rectum and 14 for the vagina, corre-
spond with previous reports that GBS colonization of rectal 
samples is 18% to 24% higher than that of vaginal samples 
[18, 35, 36]. Our present data which indicate that overall 
positivity of rectovaginal sampling is highest (28 positives) 
and that all women with rectal or vaginal samples positive, 
were also positive for the rectovaginal samples, are in corre-
spondence with those of other studies that find rectovaginal 
sampling more appropriate than vaginal sampling only [1, 
10, 22]. For example, in an analysis of 651 specimens, the 
combination of separate rectal and vaginal sampling enabled 
detection of 97.8% of GBS carriers, compared to 31.8% of 
positives as established by vaginal sampling only [37].
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Figure 2. Log 10 (cells/mL) concentration of Group B streptococci in the vagina (V) versus the rectum (R). RV D pos: vagi-
norectal swab is positive for GBS by means of qPCR; RV D neg: vaginorectal swab is negative for GBS by means of qPCR. 
Blue lines indicate Cq cut off values. Samples with values below these lines are considered qPCR negative. For these 
samples, reliable quantification was not possible and values indicated are presumptive. Samples with identical values  are 
represented by only one dot.
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